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ASSEMBLY WITH CYLINDER HEAD
HAVING INTEGRATED EXHAUST
MANIFOLD AND METHOD OF
MANUFACTURING SAME

TECHNICAL FIELD

The present teachings generally include an engine assem-
bly with a cylinder head and turbocharger, and a method of
manufacturing the same.

BACKGROUND

Cast cylinder heads often have multiple internal cavities
for exhaust flow or for coolant flow. Manufacturing a
cylinder head with multiple cavities can be diflicult and time
consuming. For example, cavities that have complex shapes
and that overlap one another 1in different directions can
require many core sections, as well as complex core boxes
with multiple slides to create a core assembly used 1n the
cylinder head casting mold. Additionally, cylinder heads that
have integrated exhaust manifolds must be configured so
that the exhaust passages are properly positioned to tfluidly
communicate with turbochargers. Flow adapters are often
required between the cylinder head and the turbocharger in
order to properly connect the passages.

SUMMARY

An assembly includes a cylinder head with an integrated
exhaust manifold that has four exhaust flow passages direct-
ing cylinder exhaust from 1nlets arranged to correspond with
exhaust from four in-line cylinders of an engine. The 1nte-
grated exhaust manifold has only three outlets. A twin scroll
turbocharger has a housing with a first scroll passage, a
second scroll passage, and only three inlets. The housing 1s
mounted to the cylinder head with the three inlets of the
housing in fluid communication with the three outlets of the
cylinder head. The integrated exhaust manifold and the
housing are configured so that two of the exhaust flow
passages join 1n the cylinder head to direct exhaust flow 1nto
only one of the inlets of the turbocharger housing and
through the first scroll passage. Exhaust flow through the
other two of the exhaust flow passages tlows separately into
the other two inlets in the turbocharger housing and then
joins 1n the housing to flow through the second scroll
passage.

The exhaust flow passages of the integrated exhaust
manifold may be configured so that they do not overlap one
another 1n a vertical direction. In other words, the outlets of
the exhaust mamifold are not stacked vertically, and a single
plane intersects all of the exhaust flow passages at the
outlets. This enables a single core box having only an upper
half mold and a lower half mold to be used to mold an
exhaust port sand core to be used to cast the cylinder head
with the integrated exhaust manifold.

The cylinder head also has a first coolant cavity posi-
tioned adjacent to each of the exhaust tlow passages, and a
second coolant cavity positioned adjacent to each of the
exhaust flow passages with the exhaust flow passages
between the first coolant cavity and the second coolant
cavity. The first and the second coolant cavities together
substantially surround the exhaust passages at the three
outlets of the integrated exhaust mamfold. At least a first and
a second machined passage are provided in the cylinder
head. The first machined passage extends between the first
exhaust flow passage and the first common flow passage and
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connects the first coolant cavity with the second coolant
cavity. The second machined passage extends between the
fourth exhaust flow passage and the first common flow
passage and connects the first coolant cavity with the second
coolant cavity.

The cylinder head can thus be manufactured by assem-
bling a core assembly 1n a cylinder head die. This includes
installing a first coolant core in the cylinder head die,
installing an exhaust port sand core in the cylinder head die
so that the first coolant core 1s on one side of the exhaust port
sand core, and installing a second coolant core on an
opposite side of the exhaust port sand core 1n the cylinder
head die. The cylinder head die 1s then closed. The cylinder
head 1s then cast around the core assembly 1n the cylinder
head casting mold such that an integrated exhaust manifold
1s formed by the exhaust port sand core, and first and second
coolant cavities are formed by the first and second coolant
cores, respectively. The integrated exhaust manifold has four
exhaust flow passages, two of which merge into a single
exhaust flow passage i correspondence with the four
exhaust tlow core sections of the exhaust port sand core,
such that the integrated exhaust manifold has three outlets.
The cylinder head can then be machined, which includes
machining at least first and second connector passages
through the cylinder head to connect the first and second
coolant cavities. The engine can then be assembled, which
includes mounting a twin scroll turbocharger with three
inlets to the cylinder head so that exhaust tlows through the
three outlets or the cylinder head 1nto the three inlets of the
twin scroll turbocharger, without any flow adapter between
the cylinder head and the turbocharger.

The above features and advantages and other features and
advantages ol the present teachings are readily apparent
from the following detailed description of the best modes for
carrying out the present teachings when taken 1n connection
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic 1llustration 1n perspective view of an
engine assembly with a cylinder head with an integrated
exhaust manifold mounted to a cylinder block shown 1n
phantom in accordance with the present teachings.

FIG. 2 15 a schematic 1llustration 1n perspective view of a
twin scroll turbocharger 1 accordance with the present
teachings.

FIG. 3 1s a schematic plan view illustration of the cylinder
head of FIG. 1 with the turbocharger of FIG. 2 1n fragmen-
tary view mounted thereto.

FIG. 4 1s a schematic front view illustration of scroll
passage cores for the twin scroll turbocharger of FIG. 2
showing a core box split line 1n phantom.

FIG. 5 1s a schematic illustration in fragmentary cross-
sectional view of the cylinder head of FIG. 1 taken at lines
5-5 1n FIG. 1.

FIG. 6 1s a schematic illustration 1n front view of a
two-piece core box having an upper half mold and a lower
half mold for an exhaust port sand core used to manufacture
the cylinder head of FIG. 1.

FIG. 7 1s a schematic 1llustration in exploded view of the
two-piece core box of FIG. 6.

FIG. 8 1s a schematic illustration i plan view of the
exhaust port sand core molded 1n the core box of FIG. 6 held
by an external core locating block and showing a boundary
of the cylinder head 1n phantom.
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FIG. 9 1s a schematic illustration 1n plan view of a first
coolant core for a first coolant cavity in the cylinder head of

FIG. 1.

FIG. 10 1s a schematic illustration 1 plan view of the first
coolant core of FIG. 9 with the exhaust port sand core of
FIG. 9 positioned relative thereto and both held by the
external core locating block of FIG. 8.

FIG. 11 1s a schematic illustration in plan view of the first
coolant core and exhaust port sand core of FIG. 10 with a
second coolant core positioned relative thereto and all held
by the external core locating block of FIG. 8.

FIG. 12 1s a flow diagram of a method of manufacturing

the cylinder head of FIG. 1.

DETAILED DESCRIPTION

Referring to the drawings, whereimn like reference num-
bers refer to like components throughout the several views,
FIG. 1 shows an engine assembly 10 that includes a cylinder
head 12 and an engine cylinder block 14, shown 1n phantom,
to which the cylinder head 12 1s mounted. The engine
assembly 10 1s an in-line, four cylinder engine. The cylinder
block 14 has four cylinders, including a first cylinder 16 A,
a second cylinder 16B, a third cylinder 16C, and a fourth
cylinder 16D arranged along an axis A generally centered
along cylinder block 14.

The cylinder head 12 mounts to the cylinder block 14 with
various bolts and fasteners 18, 20. Intake valves 22 and
exhaust valves 24 are mounted to a lower side 26 (1.e., a
cylinder head-facing side) of the cylinder head 12 and are
clectronically controlled by an engine controller (not shown)
to control air flow through the intake valves 22 into the
cylinders 16 A-16D, and exhaust flow out of the cylinders
16 A-16D through the exhaust valves 24 to meet a predeter-
mined valve timing and engine {iring schedule. The engine
controller also controls fuel delivery and ignition in the
cylinders. The firing order of the cylinders may be first
cylinder, 16 A, third cylinder 16C, fourth cylinder 16D, and
second cylinder 16B.

The cylinder head 12 can be used with a dual scroll
turbocharger 28 shown i FIG. 2, and has an integrated
exhaust manifold 30 that has four exhaust flow passages
32A, 32B, 32C, and 32D that separate exhaust gas pulses
from each cylinder 16 A, 16B, 16C, and 16D, respectively, to
improve energy transfer to the turbocharger 28. The first
exhaust flow passage 32A has inlets 34A at the exhaust
valves 24 of the first cylinder 16A, and extends to a first
outlet 36 A at a side face 38 of the cylinder head 12. The
second exhaust flow passage 32B has inlets 34B at the
exhaust valves 24 of the second cylinder 16B, and extends
to a first common flow passage 40 that empties 1into a second
outlet 368 at the side face 38. The third exhaust tlow passage
32C has inlets 34C at the exhaust valves 24 of the third
cylinder 16C, and extends to the first common flow passage
40 that empties into a second outlet 368 at the side face 38.
The second and third exhaust flow passages 32B, 32C thus
merge together 1n the cylinder head 12 at the first common
flow passage 40 so that exhaust tlow from both the second
and third cylinders 16B, 16C exits through the second outlet
36B. The fourth exhaust flow passage 32D has inlets 34D at
the exhaust valves 24 of the fourth cylinder 16D, and
extends to a third outlet 36C at a side face 38 of the cylinder
head 12. The outlets 36A, 368, 36C are the only outlets of
the mtegrated exhaust manifold 30. Thus, each of the outer
cylinders 16 A, 16D has a separate, dedicated exhaust tlow
passage 32A, 32D, respectively, through the integrated
exhaust manifold 30, while exhaust flow passages 32B, 32C
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4

of the mner cylinders 16B, 16C combine or merge together
at the first common flow passage 40 belore exiting the
exhaust flow manifold 30.

As shown 1n FIG. 2, the twin scroll turbocharger 28 has
a turbocharger housing 42 that defines a first scroll passage
45A and a second scroll passage 45B. As 1s understood by
those skilled 1n the art, a twin scroll turbocharger has first
and second sets of vanes, referred to as scrolls, which are
connected to a turbine wheel to spin a turbine and force more
air into the cylinders 16 A, 16B, 16C, 161D when respective
ones of the imntake valves 22 are open. The first scroll passage
45A leads to a first scroll, and the second scroll passage 45B
leads to a second scroll. The turbocharger housing 42 has a
face 43 with only three mlets 46 A, 468, 46C. FI1G. 2 shows
a wastegate port 47 that feeds to a wastegate that bypasses
the turbine, as 1s understood by those skilled in the art. The
turbocharger housing 42 1s mounted to the cylinder head 12
with the face 43 sealed to the side face 38 so that the three
inlets 46 A, 468, 46C of the turbocharger housing 42 are 1n
fluid communication with the three outlets 32A, 32B, 32C of
the cylinder head 12. In other words, the turbocharger
housing 42 directly mounts to the cylinder head 12 without
any flow adapter therebetween. Configuring the cylinder
head 12 and the turbocharger housing 42 such that no flow
adapter 1s used reduces part count and assembly time.
Exhaust gas from the first exhaust flow passage 32A tlows
out of the first outlet 36A only into the first inlet 46A.
Exhaust gas from the second and third exhaust flow passages
32B, 32C flows out of the second outlet 36B only into the
second 1let 46B. Exhaust gas from the fourth exhaust flow
passage 32D flows out of the third outlet 36C only 1nto the
third inlet 46C. Exhaust gas from the first exhaust flow
passage 32A thus remains 1solated from exhaust gas 1n the
other exhaust flow passages 1n the cylinder head 12 and
flows separately into the first inlet 46 A of the housing 42,
and exhaust gas from the fourth exhaust flow passage 32D
remains i1solated 1n the cylinder head 12 from exhaust gas in
the other exhaust tlow passages and tlows separately into the
third inlet 46C of the housing 42.

In the housing 42, the second inlet 46B leads into a second
flow passage 48B to the first scroll passage 45A, so that
exhaust gas flows from the second inlet 46B to the first scroll
passage 45A. The housing 42 1s configured so that the
exhaust gas flow through the first and third flow passages
48A, 48C joins 1n the housing 42 at a second common flow
passage 50 and from there flows to the second scroll passage
45B. The exhaust flow from the first and fourth cylinders
16A, 16D thus joins 1n the housing 42 at the second common
flow passage 50 to tlow through the second scroll passage
45B.

The integrated exhaust flow manifold 30 1s configured so
that the sum of the surface area of the first exhaust flow
passage 32A and the surface area of the fourth exhaust flow
passage 32D (i1.e., a combined first surface area) 1s substan-
tially equal to the sum of the surface area of the second
exhaust flow passage 32B, the surface area of the third
exhaust flow passage 32C, and the surface area of the first
common tlow passage 40 (1.e., a combined second surface
area). In other words, the surface area of the exhaust tlow
passage 32A from the inlets 34A at the exhaust valves 24 to
the outlet 36 A plus the surface area of the exhaust flow
passage 32D from the inlets 34D at the exhaust valves 24 to
the outlet 36C 1s substantially equal to the combined surface
area of the exhaust tlow passages 32B and 32C from the
exhaust valves 24 to the first common flow passage 40 plus
the surface area of the first common flow passage 40 to the
outlet 368B. As used herein, substantially equal means that
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the surface area of the exhaust flow passages 32A from the
inlets 34 A at the exhaust valves 24 to the outlet 36 A plus the
surface area of the exhaust tlow passage 32D from the inlets
34D at the exhaust valves 24 to the outlet 36C 1s within 10
percent of the combined surface area of the exhaust flow
passages 32B and 32C from the exhaust valves 24 to the first
common flow passage 40 plus the surface area of the first
common tlow passage 40 to the outlet 36B. Additionally, the
cylinder head 12 can be configured so that the lengths L1
and L4 of the outer exhaust tlow passages 32A and 32D (1.e.,
the lengths along a center thereof from the inlets 34 A to the
outlet 36 A, or from the inlets 34D to the outlet 36C), are
within about 9 millimeters of the lengths .2 and .3 through
the exhaust flow passages 32B and 32C and the first com-
mon flow passage 40 from the 1nlets 34B or 34C to the center
outlet 368B. With this configuration, overall heat rejection
from the exhaust tlow passages 32A-32D 1s reduced. The
temperature diflerence in exhaust flow at the three outlets
36A, 36B, 36C and the temperature difference between the
turbocharger scrolls 45A, 45B 1s minimized. For example,
the reduction 1n heat rejection may be up to 8 kilowatts while
the temperature difference between the scrolls may be
approximately 15 degrees Celsius. Moreover, assuming the
engine firing order 1s first, third, fourth, second cylinders
16A, 16C, 16D, 16B, then the turbocharger ethiciency and
engine performance can be improved by balancing heat tlow
from the powered cylinders to the turbocharger 28, also
creating an improved pathway to the catalyst for a reduction
in time to achieve a catalyst light off temperature 1n a
downstream catalytic converter.

The configuration of the integrated exhaust manifold 30
cnables the placement of coolant cavities that simplify
manufacturing of the cylinder head 12 while providing
cllicient cooling of the cylinder head 12 especially 1n the
vicinity of the exhaust flow passages 32A, 328, 32C, 32D.
Specifically, as best shown 1n FIG. §, the cylinder head 12
has a first coolant cavity 60 positioned adjacent to each of
the exhaust flow passages 32A, 32B, 32C, 32D. A second
coolant cavity 62 1s also positioned adjacent to each of the
exhaust flow passages 32A, 328, 32C, and 32D. The exhaust
flow passages 32A, 32B, 32C, 32D are positioned between
the first coolant cavity 60 and the second coolant cavity 62.
The first coolant cavity 60 1s also referred to as a first water
jacket or a lower water jacket as 1t 1s positioned below the
exhaust flow passages 32A, 32B, 32C, 32D, and the second
coolant cavity 62 1s referred to as a second water jacket or
an upper water jacket as 1t 1s positioned above the exhaust
flow passages 32A, 32B, 32C, 32D. Although referred to as
water jackets, any suitable coolant can be contained in the
coolant cavities 60, 62.

As 1s apparent 1n FIG. 5, the first and the second coolant
cavities 60, 62 together substantially surround the exhaust
passages 32A, 328, 32C, 32D at the three outlets 36 A, 368,
36C of the mntegrated exhaust manifold 30. FIG. 9 shows a
first coolant core 64 used during casting of the cylinder head
12 to form the first coolant cavity 60 in the cylinder head 12.
The first coolant core 64 1s a unitary, single core that has four
interconnected coolant passages 65A, 63B, 65C, and 65D.
The first coolant core 64 can be formed 1n a single core box
having only an upper half mold and a lower half mold.

FIG. 10 shows an exhaust port sand core 66 used during

casting ol the cylinder head 12 to form the integrated
exhaust manifold 30 in the cylinder head 12. The exhaust

port sand core 66 has three core sections 68A, 688, 68C held

in a core locating block 69 to establish the relative positions
of the core sections 68A, 68B, 68C to correspond with the
desired positions of the exhaust flow passages 32A, 32B,
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32C, 32D 1n the cylinder head 12. The first core section 68A
has a first exhaust flow passage core section 70A that forms
the first exhaust tlow passage 32A. The second core section
68B has a second and a third exhaust flow passage core
section 70B, 70C that form the second and the third exhaust
flow passages 32B, 32C 1n the cylinder head 12. The second
and third exhaust tlow passage core sections 70B, 70C
merge together to form a first common flow passage core
section 72 that form the first common flow passage 40 1n the
cylinder head 12. The third core section 68C 1s a fourth
exhaust tlow passage core section 70D that forms the fourth
exhaust flow passage 32D. The intake port sand core 1s not
shown.

The exhaust port sand core 66 has a first side 73 (1.e., a
lower side) and a second side 74 (1.e., an upper side)
indicated 1in FIG. 8. The first side 72 1s a lower side and the
second side 74 1s an upper side of the exhaust port sand core
66. The first coolant core 64 1s positioned on the first side 73
of the exhaust port sand core 66. It 1s apparent 1n FIGS. 9 and
10 that the coolant passages 65A, 65B, 65C, 65D of the first
coolant core 64 are shaped to correspond to and surround the
first side 73 of the exhaust flow passage core sections 70A,
708, 70C, and 70D of the exhaust port sand core 66.

FIG. 11 shows a second coolant core 76 used during
casting of the cylinder head 12 to form the second coolant
cavity 62 1n the cylinder head 12 of FIG. 5. The second
coolant core 76 1s a unitary, single core that 1s positioned on
the second side 74 of the exhaust port sand core 66 (1.e., the
upper side) opposite from the first side 72. The second
coolant core 76 can be formed 1n a single core box having
only an upper half mold and a lower haltf mold. The first and
second coolant cores 64, 76 are positioned relative to the
exhaust port sand core 66 by locating pins or the like. The
exhaust port sand core 66, and the first and second coolant
cores 64, 76 assembled together by use of the core locator
box 69 and any pins constitutes a core assembly 77. The core
assembly 77 1s placed 1n a cylinder head die 99 shown
schematically in phantom 1n FIG. 11. FIGS. 9-11 indicate
that the coolant cores 64, 76 substantially surround the
exhaust tlow passage core sections 68A, 68B, 68C. The
second coolant core 76 has coolant entrance and exit ports
78A, 78B. The resulting entrance and exit ports 79A, 79B 1n
the cast cylinder head 12 are shown in FIG. 5. In order to
connect the resultant coolant cavities 60, 62 after casting of
the cylinder head 12, during machining of the cylinder head
12, at least two and up to five passages are machined to
connect the cooling cavities 60, 62. A first machined passage
80A 1s machined 1n the cylinder head 12 to extend between
and connect the coolant cavities 60, 62, without intersecting
any of the exhaust flow passages 32A, 32B, as shown in FIG.
5. Stmilarly, a second machined passage 80B 1s machined 1n
the cylinder head 12 to extend between and connect the
coolant cavities 60, 62, without intersecting any of the
exhaust flow passages 32C, 32D. The machined passages
80A, 80B may be drilled passages, such as by drilling from
the lower side 26 of the cylinder head 12, below the cylinder
head 12 in FIG. 5. Plugs 82 are then inserted to plug the ends
of the machined passages 80A, 80B.

FIG. 6 shows a two-piece core box 90 having an upper
half mold 92A and a lower half mold 92B for molding the
exhaust port sand core 66 of FIG. 8. When the upper half
mold 92A and the lower half mold 92B are closed together,
as shown 1 FIG. 6, the molds 92A, 92B together form
cavities 94A, 94B, 94C that are the same shape as the
exhaust port sand core 66. None of the exhaust flow pas-
sages 32A, 32B, 32C, 32D overlap one another 1n a vertical
direction, as 1s apparent from the core sections 68A, 68B,
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68C of FIGS. 8 and 10 used to form the integrated exhaust
manifold 30 1n the cylinder head 12 durning casting. In other
words, the exhaust flow passages 32A, 32B, 32C, 32D do
not overlap one another 1n a direction from the lower side 26
of the cylinder head 12 to an upper side 95 of the cylinder
head 12 indicated in FIG. 5. Such an exhaust manifold 30 1s
referred to as a single plane integrated exhaust manifold, as
a single plane can intersect all of the exhaust flow passages
32A, 32B, 32C, 32D of the exhaust manifold 30 in a
horizontal direction at any point along the length of the
passages 32A, 32B, 32C, 32D between the side face 38 of
the cylinder head 12 and the exhaust valves 24, and there 1s
no vertical overlap between the exhaust flow passages 32A,
328, 32C, 32D, as 1s evident by the continuous gaps 96 A,
96B between the core sections 70A, 70B, and 70B, 70C,
respectively. One such plane P i1s indicated in fragmentary
view 1n FIG. 1 and 1 side view 1n FIG. 6. Molding of the
exhaust port sand core 66 1s thus simplified, and only the
two-piece core box 90 1s required. No slides or other tooling,
1s necessary. The material used to form the exhaust port sand
core 66 1s placed between the upper and lower half molds
92A, 92B when they are apart, as shown i FIG. 7. The
molds 92A, 92B are then moved together in a single
direction to form the sand core 66. A split line SL between
the upper and lower half molds 92A, 92B indicated 1n FIG.
6 1s overlaid 1n phantom on the cylinder head 12 in FIG. 5.
In FIG. 4, the split line SL 1s also overlaid on the core
sections 98A, 98B used to form the flow passages 48A, 48B,
48C of the turbocharger housing 42. Two core boxes will be
required to form the core sections 98A, 98B for the turbo-
charger 28.

Referring to FIG. 12, a flow diagram 1llustrates a method
100 of manufacturing a cylinder head for an in-line four
cylinder engine cylinder block, such as cylinder head 12 of
FIG. 1. The method 100 includes step 102, molding an
exhaust port sand core 66 1n a single core box 90 having only
an upper half mold 92A and a lower half mold 92B. The
two-piece core box 90 has no slides or loose parts. The
exhaust port sand core 66 has four exhaust flow passage core
sections 70A, 70B, 70C, 70D, two of which merge together.
That 1s, the center two exhaust flow passage core sections
70B, 70C merge together. An intake port sand core (not
shown) and the first and second coolant cores 64, 76 are also
molded prior to proceeding.

The method 100 further includes step 104, assembling a
core assembly 77 to be used during casting of the cylinder
head 12. Step 104 may include sub-step 106, installing a first
coolant core 64 1n the cylinder head die 99 (1.e., a coolant
core for the lower coolant cavity 60). Step 104 may also
include sub-step 107, installing the exhaust port sand core 66
in the cylinder head die 99 so that the first coolant core 64
1s on a lower, first side 73 of the exhaust port sand core 66.
An 1ntake port sand core (not shown) and any additional
cores used in the areca where the camshaft mounts and
around the front of the cylinder head may also be installed
at this time. Step 104 may also include sub-step 108,
installing a second coolant core 76 (1.e., a coolant core for
the upper coolant cavity 62) in the cylinder die 99 on the
upper second side 74 of the exhaust port sand core 66.
Next, the cylinder head die 99 1s closed 1n step 110. The
cylinder head 12 1s cast around the core assembly 77 in the
cylinder head die 99 1s step 112. This causes the integrated
exhaust manifold 30 to be formed by the exhaust port sand
core 66, and first and second coolant cavities 60, 62 to be
tformed by the first and second coolant cores 64, 76, respec-
tively. The integrated exhaust manifold 30 has four axially

arranged exhaust flow passages 32A, 32B, 32C, 32D, of
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which the 1nner two 32C, 32D merge into a single exhaust
flow passage (common flow passage 40) in correspondence
with the four exhaust flow passage core sections 70A, 70B,
70C, 70D of the exhaust port sand core 66, such that the
integrated exhaust manifold 30 has three outlets 36 A, 368,
36C.

Once the cylinder head 12 1s cast, the cylinder head 12 1s
machined, which includes machinming a first connector pas-
sage 80A through the cylinder head 12 between two of the
exhaust tlow passages 32A, 32B to connect the first coolant
core 64 with the second coolant core 76 in step 114.
Similarly, machining the cylinder head 12 includes machin-
ing a second connector passage 80B 1s machined through the
cylinder head 12 between a different two of the exhaust tlow
passages (1.e., between passages 32C and 32D) to connect
the first coolant core 64 with the second coolant core 76 1n
step 116. Additional machined passages may be machined 1n
the cylinder head to connect the first coolant core 64 with the
second coolant core 76 to enhance cooling. For example, up
to three additional machined passages for a total of five
machined passages may be machined in one embodiment.
The engine assembly 10 can then be assembled, which
includes mounting the twin scroll turbocharger 28 to the
cylinder head 12 in step 118. The twin scroll turbocharger 28
has a housing 42 with a first scroll passage 45A, a second
scroll passage 45B, and only three inlets 46A, 468, 46C. In
step 118, the housing 42 1s mounted to the cylinder head 12
with the three inlets 46 A, 468, 46C of the housing 42 1n fluid
communication with the three outlets 36 A, 36B, 36C of the
cylinder head 12.

While the best modes for carrying out the many aspects of
the present teachings have been described in detail, those
familiar with the art to which these teachings relate will
recognize various alternative aspects for practicing the pres-
ent teachings that are within the scope of the appended
claims.

The mmvention claimed 1s:

1. An assembly for an engine cylinder block having four
in-line cylinders arranged 1n axial order as a first cylinder, a
second cylinder, a third cylinder, and a fourth cylinder, the
assembly comprising;:

a cylinder head with an integrated exhaust manifold that
has four exhaust tlow passages directing cylinder
exhaust from 1nlets arranged to correspond with
exhaust from the four cylinders, respectively, and has
only three outlets at a side face of the cylinder head;
wherein none ol the exhaust flow passages of the
integrated exhaust manifold overlap one another 1n a
vertical direction:

a twin scroll turbocharger having a housing with a first
scroll passage, a second scroll passage, and only three
inlets; wherein the housing 1s mounted directly to the
side face of the cylinder head without a flow adapter
therebetween, with the three inlets of the housing at the
side face and 1n fluid communication with the three
outlets of the cylinder head; wherein none of the three
inlets of the twin scroll turbocharger overlap in the
vertical direction at the side face:

wherein the itegrated exhaust manifold and the housing
are configured so that two of the exhaust tlow passages
join 1n the cylinder head to direct exhaust flow 1into only
one of the inlets of the housing and through the first
scroll passage, and exhaust tlow through the other two
of the exhaust flow passages flows separately into the
other two 1nlets 1n the housing and joins 1n the housing
to flow through the second scroll passage.
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2. The assembly of claim 1, wherein the cylinder head
has:

a first coolant cavity positioned adjacent to each of the

exhaust flow passages;

a second coolant cavity positioned adjacent to each of the
exhaust tlow passages with the exhaust tlow passages
between the first coolant cavity and the second coolant
cavity;

wherein the first and the second coolant cavities together
substantially surround the exhaust passages at the three
outlets of the mtegrated exhaust manifold.

3. The assembly of claim 1, wherein the cylinder head

has:

a first coolant cavity positioned adjacent to each of the
exhaust flow passages;

a second coolant cavity positioned adjacent to each of the
exhaust tlow passages with the exhaust tlow passages
between the first coolant cavity and the second coolant
cavity;

at least a first and a second machined passage extending
through the cylinder head past the exhaust flow pas-
sages without intersecting the exhaust flow passages
and connecting the first coolant cavity with the second
coolant cavity.

4. The assembly of claim 1, wheremn a first combined
surface area of the two exhaust flow passages that join in the
cylinder head 1s substantially equal to a second combined
surface area of the other two exhaust flow passages.

5. An assembly for an engine cylinder block having four
in-line cylinders arranged 1n axial order as a first cylinder, a
second cylinder, a third cylinder, and a fourth cylinder, the
assembly comprising:

a cylinder head having an integrated exhaust manifold
with only three outlets at a face of the cylinder head;
wherein the three outlets include a first outlet, a second
outlet, and a third outlet, with the second outlet posi-
tioned between the first outlet and the third outlet;

wherein the itegrated exhaust manifold has:

a first exhaust tlow passage 1 fluid communication
with only the first cylinder and extending to the first
outlet;

a second exhaust flow passage in fluild communication
with the second cylinder;

a third exhaust tflow passage in fluid communication
with the third cylinder;

a Tfourth exhaust flow passage in fluid communication
with only the fourth cylinder and extending to the
third outlet;

a first common flow passage in fluid communication
with both the second and the third exhaust tlow
passages and with the second outlet such that both of
the second and third exhaust flow passages jo1n at the
first common flow passage to allow exhaust gas tlow
to the second outlet; and

a housing for a twin scroll turbocharger having a first
scroll passage, a second scroll passage, and only three
inlets at a face of the housing; wherein the three inlets
include a first 1inlet, a second 1nlet, and a third inlet, with
the second 1nlet positioned between the first inlet and
the third inlet;

wherein the housing has:

a first tlow passage extending from the first mlet;

a second flow passage extending from only the second
inlet to only the second scroll passage;

a third tlow passage extending from only the third 1nlet;

a second common flow passage 1n fluid communication
with each of the first flow passage and the third tlow
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passage such that both of the first flow passage and
the third flow passage join at the second common
flow passage to tlow 1nto the first scroll passage;
wherein the housing 1s directly mounted to the face of the
cylinder head without a flow adapter therebetween so
that the first inlet 1s 1n fluid communication with only
the first outlet, the second inlet 1s 1n fluid communica-
tion with only the second outlet, and the third inlet 1s 1n
fluid communication with only the third outlet;
wherein none of the exhaust tlow passages of the inte-
grated exhaust manifold overlap one another 1 a
vertical direction; and wherein none of the three inlets
of the housing of the twin scroll turbocharger overlap
in the vertical direction at the face of the cylinder head.

6. The assembly of claim 5, wherein the cylinder head
has:

a first coolant cavity positioned adjacent to each of the

exhaust tlow passages;

a second coolant cavity positioned adjacent to each of the
exhaust tlow passages with the exhaust flow passages
between the first coolant cavity and the second coolant
cavity; and

wherein the first and the second coolant cavities together
substantially surround the exhaust passages at the first,
second and third outlets of the integrated exhaust
manifold.

7. The assembly of claim 5, wherein the cylinder head

has:

a first coolant cavity positioned adjacent to each of the
exhaust tlow passages;

a second coolant cavity positioned adjacent to each of the
exhaust tlow passages with the exhaust flow passages
between the first coolant cavity and the second coolant
cavity;

a first machined passage extending between the first
exhaust flow passage and the first common flow pas-
sage and connecting the first coolant cavity with the
second coolant cavity; and

a second machined passage extending between the fourth
exhaust flow passage and the first common flow pas-
sage and connecting the first coolant cavity with the
second coolant cavity.

8. The assembly of claim 5, wherein a sum of a surface
area ol the first exhaust flow passage and a surface area of
the fourth exhaust flow passage i1s substantially equal to a
sum of a surface area of the second exhaust flow passage, a
surface area of the third exhaust flow passage, and a surface
area of the first common flow passage.

9. A method of manufacturing a cylinder head for an
in-line four cylinder engine cylinder block, the method
comprising;

molding an exhaust port sand core 1 a single core box
having only an upper haltf mold and a lower haltf mold;
wherein the exhaust port sand core has four exhaust
flow passage core sections, two of which merge
together:;

assembling a core assembly 1n a cylinder head with a first
coolant core on one side of the exhaust port sand core
and a second coolant core on an opposite side of the
exhaust port sand core;

casting a cylinder head around the core assembly 1n the
cylinder head die such that an integrated exhaust mani-
fold 1s formed by the exhaust port sand core, and {first
and second coolant cavities are formed by the first and
second coolant cores, respectively; and wherein the
integrated exhaust manifold has four exhaust flow
passages, two of which merge mto a single exhaust
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flow passage 1n correspondence with the four exhaust
flow core sections of the exhaust port sand core, such
that the integrated exhaust manifold has only three
outlets at a side face of the cylinder head; wherein none
of the exhaust tlow passages of the integrated exhaust 5
manifold overlap one another 1n a vertical direction;

mounting a twin scroll turbocharger directly to the side
face of the cylinder head; wherein the twin scroll
turbocharger has a housing with a first scroll passage,
a second scroll passage, and only three inlets; wherein 10
the housing 1s mounted to the side face of the cylinder
head with the three inlets of the housing in fluid
communication with the three outlets of the cylinder

head; and wherein none of the three inlets of the

housing of the twin scroll turbocharger overlap 1n the 15
vertical direction at the side face of the cylinder head.

10. The method of claim 9, turther comprising;:

machining a {irst connector passage through the cylinder
head between two of the exhaust flow passages to
connect the first coolant core with the second coolant 20
core; and

machining a second connector passage through the cyl-
inder head between a different two of the exhaust tlow
passages to connect the first coolant core with the
second coolant core. 25
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